The central region of the mainland Lewisian gneiss complex of NW Scotland is a granulite-facies migmatite terrane. With the exception of ultramafic and rare calc-silicate rocks, all other lithologies partially melted during Neoarchaean, ultrahigh-temperature (Badcallian) metamorphism. The clearest evidence is preserved within large layered mafic^ultramafic bodies that exhibit macroscopic features diagnostic of anatexis. In situ partial melting of metagabbroic rocks produced patches and sheets of coarse-grained plagioclase-rich leucosome containing euhedral peritectic clinopyroxene.These leucosomes connect with larger, laterally continuous tonalite or trondhjemite sheets that record segregation and migration of melt away from the metagabbro source rocks. This melt loss allowed wide-scale preservation of granulite-facies assemblages within the residual melanosome. Whole-rock major and trace element geochemistry is broadly consistent with the field evidence, but suggests contamination of the metagabbroic rocks by their host-rocks and a strong mineralogical control on trace element distributions, the consequence of large diffusive length scales during protracted ultrahigh-temperature metamorphism.Variations in the trace element composition of the felsic sheets reflect heterogeneities in the source rocks, the presence of material entrained from the melanosome and fractional crystallization dominated by plagioclase.The felsic sheets are largely cumulate, suggesting loss of the evolved melt fraction to higher crustal levels. Partial melting of felsic gneisses that surround the mafic^ultramafic bodies is inevitable at the implied metamorphic peak provided they contained hydrous phases, although the field evidence is largely obscured by later reworking. This study provides insights into the processes involved in intracrustal differentiation during the Neoarchaean, during which partial melting of mafic rocks is likely to have made a more significant contribution than during the Phanerozoic.
The central region of the mainland Lewisian gneiss complex of NW Scotland is a granulite-facies migmatite terrane. With the exception of ultramafic and rare calc-silicate rocks, all other lithologies partially melted during Neoarchaean, ultrahigh-temperature (Badcallian) metamorphism. The clearest evidence is preserved within large layered mafic^ultramafic bodies that exhibit macroscopic features diagnostic of anatexis. In situ partial melting of metagabbroic rocks produced patches and sheets of coarse-grained plagioclase-rich leucosome containing euhedral peritectic clinopyroxene.These leucosomes connect with larger, laterally continuous tonalite or trondhjemite sheets that record segregation and migration of melt away from the metagabbro source rocks. This melt loss allowed wide-scale preservation of granulite-facies assemblages within the residual melanosome. Whole-rock major and trace element geochemistry is broadly consistent with the field evidence, but suggests contamination of the metagabbroic rocks by their host-rocks and a strong mineralogical control on trace element distributions, the consequence of large diffusive length scales during protracted ultrahigh-temperature metamorphism.Variations in the trace element composition of the felsic sheets reflect heterogeneities in the source rocks, the presence of material entrained from the melanosome and fractional crystallization dominated by plagioclase.The felsic sheets are largely cumulate, suggesting loss of the evolved melt fraction to higher crustal levels. Partial melting of felsic gneisses that surround the mafic^ultramafic bodies is inevitable at the implied metamorphic peak provided they contained hydrous phases, although the field evidence is largely obscured by later reworking. This study provides insights into the processes involved in intracrustal differentiation during the Neoarchaean, during which partial melting of mafic rocks is likely to have made a more significant contribution than during the Phanerozoic. element-enriched upper portion (e.g. Brown & Rushmer, 2006) . The temperature at which rocks begin to melt is governed by the presence or absence of feldspars and/or quartz and the amount of H 2 O present either as a free volatile phase or, more commonly, bound within hydrous minerals such as mica and amphibole. With the exception of carbonate rocks, other common crustal protoliths (siliciclastic sedimentary rocks and felsic to mafic igneous rocks) contain quartz and/or feldspars, and most contain hydrous phases, an amount governed by the original H 2 O content of the rock (primary) and subsequent fluid^rock interactions during burial, metamorphism and exhumation (secondary). At mid-to lower-crustal pressures, metapelitic rocks may produce significant volumes of leucogranitic melt by reactions consuming muscovite at temperatures of 7508C or less (e.g. Thompson, 1982; Patin‹ o Douce & Harris, 1998; White et al., 2001) . However, wide-scale partial melting of metapelitic rocks, metagreywacke and K-rich meta-igneous rocks via reactions consuming biotite generally requires granulite-facies conditions, with temperatures in excess of 8008C (e.g. White et al., 2001; Watkins et al., 2007; Johnson et al., 2008) . Metagabbroic rocks and other K-poor, plagioclase-bearing rocks will melt predominantly via reactions consuming amphibole and plagioclase, and require still higher temperatures to produce volumes of melt capable of large-scale segregation and ascent (e.g. Rushmer, 1991; Wyllie & Wolf, 1993; Sawyer et al., 2011) .
Ultrahigh-temperature (UHT) metamorphic conditions are first documented in the Neoarchaean rock record (Brown, 2006) , of which the granulite-facies central region of the Lewisian complex of NW Scotland (Fig. 1) is one example (e.g. Wheeler et al., 2010) . Although partial melting and melt loss have commonly been proposed as mechanisms to explain aspects of the geochemistry within the central region, in particular a depletion in some mobile high heat-producing elements and large ion lithophile elements (LILE; K, Rb, Cs, U, Th) (e.g. Moorbath et al., 1969; O'Hara & Yarwood, 1978; Barnicoat, 1983; Cartwright & Barnicoat, 1987) , other studies suggest that such features were inherited from the source region and that in situ partial melting did not necessarily occur (e.g. Park & Tarney, 1987; Tarney & Weaver, 1987; Rollinson, 1996; Rollinson & Tarney, 2005) . Unambiguous field evidence for anatexis of the volumetrically dominant meta-igneous rocks has not been demonstrated. To quote Wheeler et al. (2010) : 'Evidence of partial melting in the Central District granulite facies rocks is sparse, which is problematic given the very high temperature estimates which surely make melting likely in many lithologies' .
In this study, outcrops throughout the central region of the Lewisian complex have been examined to assess the field evidence for partial melting. The evidence presented here focuses on metagabbroic rocks within large mafic^ultramafic bodies ( Fig. 1) , and is based on the recognition of features diagnostic of anatexis to form migmatites (Sawyer, 2008) . Bulk-rock major and trace element geochemical data are discussed within the context of the field evidence. We show that metagabbroic rocks throughout the central region partially melted during Badcallian UHT metamorphism, evolving from subsolidus amphibolites to suprasolidus clinopyroxene-rich granulite-facies migmatites. We suggest that partial melting and melt loss were important processes that drove intracrustal differentiation within the central region of the Lewisian complex. These processes must have had profound consequences for the compositional, thermal and rheological evolution of the Lewisian continental crust.
R E G I O N A L G E O L O GY
The Lewisian complex of NW Scotland includes some of the oldest rocks in Europe, with protolith ages of around 3·1^2·7 Ga (e.g. Hamilton et al., 1979; Whitehouse & Moorbath, 1986; Friend & Kinny, 1995; Whitehouse et al., 1997; Kinny et al., 2005; Whitehouse & Kemp, 2010) . It is a deformed and metamorphosed plutonic igneous complex (Peach et al., 1907) that records a protracted history of deformation, metamorphism and intrusion spanning more than 1 Gyr (e.g. Wheeler et al., 2010) . The rocks are volumetrically dominated by layered tonalite^trondhjemiteĝ ranodiorite (TTG) gneisses, typical of Archaean gneiss terranes worldwide (Rollinson & Windley, 1980b; Rollinson, 1996) , within which occur abundant sheets and lenses of metamorphosed mafic^ultramafic rocks and rare mica-rich rocks (Peach et al., 1907) .
The mainland Lewisian complex comprises a granulite-facies central region structurally bounded by amphibolite-facies regions to the north and south (Peach et al., 1907; Sutton & Watson, 1951; Fig. 1) , and the central region is thus interpreted as representing a deeper crustal level (Sheraton et al., 1973; Park, 2005) . In general, rocks within the central region preserve assemblages consistent with peak pressures of 8^12 kbar and temperatures in excess of 9008C (e.g. Cartwright & Barnicoat, 1987; Sills & Rollinson, 1987; Johnson & White, 2011 ) that developed during the c. 2·7 Ga Badcallian metamorphic event (Park, 1970; Corfu et al., 1994; Zhu et al., 1997; Whitehouse & Kemp, 2010) , although the occurrence of a granulite-facies metamorphic event at 2·7 Ga has been questioned by some workers (Love et al., 2004; Kinny et al., 2005) . Central region gneisses are depleted in silica, H 2 O, U, Th and certain LILE (K, Rb, Cs) relative to those in the northern and southern regions (e.g. Sheraton et al., 1973; Tarney & Windley, 1977; Rollinson & Windley, 1980a; Weaver & Tarney,1981; Fowler,1986; Cohen et al.,1991) , although there has been considerable disagreement as to the origin of this depletion. Several studies have concluded that, with the exception of ultramafic and rare calc-silicate rocks, all rocks must have partially melted with loss of melt purging the Kinny et al. (2005) . LSZ, Laxford shear zone; SL, Strathan line; GB, Gruinard Bay. Modified after Whitehouse & Kemp (2010). rocks of these mobile elements (Moorbath et al., 1969; O'Hara & Yarwood,1978; Pride & Muecke,1980; Barnicoat, 1983; Cartwright & Barnicoat, 1987; Cohen et al., 1991) . In contrast, other workers have suggested that anatexis and melt loss is inconsistent with the trace element geochemistry and that in situ partial melting did not play a major role in the evolution of the central region (Weaver & Tarney, 1981; Tarney & Weaver, 1987; Park & Tarney, 1987; Rollinson, 1996) , with mobile element depletion argued to have occurred prior to metamorphism during dehydration and metasomatism of a mafic source region at depth (Rollinson, 1996; Rollinson & Tarney, 2005) .
Highly deformed, layered, large mafic^ultramafic bodies, some several hundred metres in thickness, are widely distributed within the central region (e.g. Peach et al., 1907; O'Hara, 1961; Bowes et al., 1964; Sills et al., 1982; Fig. 1) . In the north of the central region these bodies define a linear belt extending for more than 12 km that may represent an accreted marginal ocean floor assemblage (Davies, 1974; Park & Tarney, 1987; Goodenough et al., 2010) . The bodies comprise clinopyroxene-rich metagabbro, commonly with abundant garnet and/or amphibole, and contain layers of metamorphosed ultramafic rocks. Layers of meta-anorthosite are reported from several of the bodies (Bowes et al., 1964; Davies, 1974; Weaver & Tarney, 1980) . Extreme disruption of metagabbroic rocks has been previously described (e.g. Davies, 1974; Weaver & Tarney, 1980) , and feldspar-rich segregations in some mafic rocks have been interpreted as the products of partial melting (Barnicoat, 1983; Cartwright & Barnicoat, 1987; Cartwright & Valley, 1992) . However, mica-rich rocks spatially associated with the mafic^ultramafic bodies and interpreted to be of metasedimentary origin are the only rock types in which compelling evidence for partial melting has been documented (Cartwright & Barnicoat, 1986 .
Felsic sheets, centimetres to a few metres thick, occur throughout the central region. The sheets are generally sill-like but locally cross-cut the TTG gneisses, maficû ltramafic bodies and mica-rich rocks (Cartwright & Valley, 1992; Rollinson, 1994) . The felsic sheets preserve granulite-facies mineral assemblages, but are themselves deformed, and are inferred to have been emplaced at or close to the Badcallian metamorphic peak (Rollinson & Windley, 1980b; Cartwright & Barnicoat, 1987) . Felsic sheets within the large mafic^ultramafic bodies are most commonly tonalitic to trondhjemitic in composition, whereas those within the surrounding TTG gneisses and mica-rich rocks are generally granodioritic to granitic (Barnicoat, 1983; Cartwright & Valley, 1992) . The origin of the felsic sheets has been a longstanding debate (Cartwright & Rollinson, 1995) . Largely on geochemical grounds, some workers have suggested that the felsic sheets were derived locally from partial melting of the host TTG gneisses (Pride & Muecke, 1982; Barnicoat, 1983; Cartwright, 1990; Cohen et al., 1991) , whereas others have argued that they were derived from partial melting of an LILE-depleted mafic source at depth and are unrelated to the high-grade metamorphism (Rollinson & Windley, 1980b; Rollinson & Fowler, 1987; Rollinson, 1996; Rollinson & Tarney, 2005) .
F I E L D E V I D E N C E
The large layered mafic^ultramafic bodies are volumetrically dominated by medium-to coarse-grained granoblastic metagabbro with thin (centimetres to several decimetres thick) layers of metamorphosed ultramafic rocks ranging in composition from metaperidotite to metapyroxenite. Relict magmatic layering is commonly preserved in the metagabbros, although the contacts between layers are diffuse and irregular. Single layers are characterized by widely varying proportions of plagioclase, clinopyroxene, garnet, hornblende and orthopyroxene ( Fig. 2a) . At the margins of the large mafic^ultramafic bodies, the metagabbroic rocks are strongly deformed and extensively to completely retrogressed to amphibolite-facies assemblages rich in green hornblende, the result of late Archaean to Palaeoproterozoic reworking (e.g. Goodenough et al., 2010) . However, the cores of these bodies exhibit relatively low strain and preserve near-pristine granulite-facies assemblages.
Metagabbroic rocks are meso-to melanocratic and, rarely, leucocratic. The majority contain abundant clinopyroxene with variable proportions of plagioclase and orthopyroxene. Peak metamorphic brown^green hornblende is abundant in many metagabbro layers. Layers containing garnet are generally volumetrically subordinate to garnet-absent metagabbro, but in some of the bodies (e.g. Cnoc Gorm; Fig. 1 ) garnetiferous metagabbro dominates.
Outcrops of metagabbro throughout the central region preserve features diagnostic of anatexis (Sawyer, 2008) and may be described as migmatitic. They comprise a mixture of pale plagioclase-rich quartzo-feldspathic leucosome, representing the former sites of melt segregation and/or accumulation, and dark plagioclase-deficient melanosome, representing the crystal-rich residuum from which melt has been extracted. The relative proportion of leucosome and melanosome varies widely.
Where leucosome contents are low the rocks are metatexites, containing small cuspate patches and veins of coarse-grained plagioclase-rich, quartz-bearing leucosome, within which large grains of euhedral^subhedral clinopyroxene are common ( Fig. 2b and c) . In stromatic variants, these clinopyroxene-bearing pegmatitic leucosomes (hereafter Cpx-pegmatites) are generally discontinuous, oriented subparallel to the foliation and variably deformed within this fabric (Fig. 2c) . Thin leucosome The left-hand side dominantly comprises Cpx-pegmatite containing deformed peritectic clinopyroxene and schlieren and schollen of melanosome, all of which occurs within a large interboudin partition. On the right, thin stromatic leucosome veins feed into this larger Cpx-pegmatite accumulation (Achmelvich). (e) Parallel-sided, cross-cutting sheets of Cpx-pegmatite. The later, shallowly inclined sheet exhibits a thin but pronounced mafic selvedge (Cnoc Gorm). (f) Close-up of part of (e). Peritectic clinopyroxenes within the plagioclase-and quartz-rich Cpx-pegmatite sheet are surrounded by a thin rind of hornblende, suggesting only limited retrograde reaction with melt. The mafic selvedge (M) at the top of this sheet is indicated (Cnoc Gorm). (g) Contact between Cpx-pegmatite (bottom) and a felsic sheet (top). The Cpx-pegmatite, which contains abundant peritectic clinopyroxene, merges into the felsic sheet with petrographic continuity. The Cpx-pegmatite is associated with a diffuse mafic selvedge and interconnects with thin veins of leucosome in the melanosome. The felsic sheet is around 20 cm thick, is deficient in mafic components and has a sharp contact with the clinopyroxene-rich melanosome away from the contact with the Cpx-pegmatite (Badcall). (h) Contact between Cpx-pegmatite (top) and felsic sheet (bottom). Similar relations described in (g) are shown. The bifurcation of the felsic sheets towards the right should be noted. S. Fischer for scale (Badcall). (i) Alignment of large euhedral^sub-hedral peritectic Cpx (bottom left to top centre) within clinopyroxene-rich melanosome. This relationship is interpreted to represent near-complete extraction of melt from a Cpx-pegmatite (Gorm Chnoc). (j) Metagabbro layer rich in clinopyroxene and garnet, in which garnet is relatively evenly distributed and surrounded by a plagioclase-rich corona, interpreted to record high-temperature decompression. Evidence for partial melting in such layers is cryptic, and these may represent protoliths that were not hydrated prior to metamorphism (Scourie). (k) Contact between highly residual garnet-rich melanosome (left) and a Cpx-pegmatite (right). A mafic selvedge is developed at the contact. Garnet within the melanosome occurs as large porphyroblasts and grain aggregates surrounded by plagioclase-rich coronas. The highly heterogeneous distribution of garnet is much more common than, for example, that shown in (j). The Cpx-pegmatite contains abundant peritectic clinopyroxene and garnet entrained from the melanosome (Cnoc Gorm). (l) Schollen diatexite comprising chaotic mix of peritectic clinopyroxene-bearing leucosome, melanosome and selvedge (Cnoc Gorm).
veins and patches interconnect with larger sheets and patches of Cpx-pegmatite, the latter commonly occurring within interboudin partitions (Fig. 2d) .
Larger sheets of Cpx-pegmatite are centimetres to decimetres thick and may be continuous on an outcrop scale (Fig. 2e) . They are commonly subparallel to the foliation and compositional layering, but may cross-cut these early structures at a moderate to steep angle. Chilled margins are not evident, and a pronounced mafic (clinopyroxene-and/or amphibole-rich) selvedge is common at the margins of the Cpx-pegmatites (Fig.  2e^g) . Euhedral^subhedral clinopyroxene grains within the Cpx-pegmatites are an order of magnitude larger than those within the surrounding melanosome and commonly exhibit replacement at their margins by amphibole (Fig. 2f) . In strongly deformed sheets, clinopyroxene grains are flattened and may be completely pseudomorphed by amphibole (e.g. Fig. 2c and d) . Cross-cutting relations imply more than one generation of Cpx-pegmatite sheet (Fig. 2e) . The Cpx-pegmatite sheets are petrographically continuous with (i.e. merge into without any discernible contact) larger quartzofeldspathic felsic sheets ( Fig. 2g and h ), most of which are less than a metre thick. Like the Cpx-pegmatites, the felsic sheets are generally subparallel to the foliation, but may cross-cut the foliation at a low angle; bifurcation of larger felsic sheets is not uncommon (Fig. 2g and h ). Both the Cpx-pegmatites and felsic sheets contain identical mineral assemblages. However, the felsic sheets are finer-grained, contain a higher ratio of quartz to feldspar and are deficient in mafic components relative to the Cpx-pegmatites, although schlieren of hornblende and/or biotite and rare grains of clinopyroxene occur in most. Some felsic sheets may have a diffuse mafic selvedge at their margins. Where largely unaffected by retrograde metamorphism, both the Cpx-pegmatites and felsic sheets contain bluish opalescent quartz. Although contact relations are commonly obscured, decimetre-to metre-scale felsic sheets feed into and merge with larger felsic bodies, the best example of which occurs close to the top of the Gorm Chnoc body ( Fig. 1 ) and is in excess of 40 m across. This sheet-like body is broadly concordant with the foliation and is composite, comprising numerous single felsic sheets some of which are pegmatitic. However, these sheets are distinct from largely undeformed coarsergrained, pink (K-feldspar-rich) Palaeoproterozoic granite sheets that become abundant a few hundred metres further to the north (e.g. Sutton & Watson, 1951) .
The metagabbro melanosome is generally rich in clinopyroxene with or without orthopyroxene, plagioclase, hornblende, garnet and oxide phases (mainly magnetite). Retrograde hornblende replacing clinopyroxene is common. Where melt loss was near complete from garnetabsent metagabbro, the residuum is almost pure (clino) pyroxenite. Planar accumulations of coarse-grained euhedral^subhedral clinopyroxene within finer-grained melanosome are interpreted to represent former Cpxpegmatite channels, through which most or all of the melt was extracted leaving the coarse peritectic clinopyroxene behind (Fig. 2i) .
The melanosome of many metagabbro layers additionally contains abundant garnet, which may occur as distributed smaller grains, as large porphyroblasts or as clusters of porphyroblasts up to several centimetres in diameter (Fig. 2j^l) . Although in some cases garnet is distributed more or less homogeneously throughout garnetiferous layers ( Fig. 2j) , in most cases its distribution is extremely irregularçin places garnet is the dominant mineral and in others it occurs as an accessory phase (Peach et al., 1907) . Garnet porphyroblasts commonly show marginal replacement by coronas rich in plagioclase with orthopyroxene and Fe^Ti oxides, the result of high-temperature retrograde decompression (e.g. O'Hara & Yarwood, 1978; Savage & Sills, 1980; Barnicoat, 1983; Johnson & White, 2011; Fig. 2j^l) . Almost all garnet is confined to the melanosome, although some grains and grain clusters are entrained within Cpx-pegmatite and/or felsic sheets, particularly at their margins ( Fig. 2k and l) . Some layers or patches of melanosome comprise 490 vol. % garnet and clinopyroxene ( Fig. 2j and k) . In many examples the rocks are texturally heterogeneous on all scales and preserve little evidence for coherent relict layering. These rocks are schollen and schlieren diatexites comprising a chaotic mix of leucosome, melanosome and selvedge (Fig. 2l) .
Coherent ultramafic layers may extend for many tens of metres, although the proportion of ultramafic material is generally small. Ultramafic layers are metaperidotite to metapyroxenite in composition, in which the lowest variance assemblages contain olivine, clinopyroxene, orthopyroxene, hornblende, spinel and magnetite (e.g. Johnson & White, 2011) . The ultramafic layers show no evidence for partial melting, and represent a refractory palaeosome (Sawyer, 2008) .
Additional field evidence for the features discussed above is given in Supplementary Data (SD) Fig. S1 (available for downloading at http://www.petrology.oxfordjournals .org/).
P E T RO G R A P H Y Metagabbro
Metagabbroic rocks within the large mafic^ultramafic bodies have a medium-to coarse-grained granoblastic microstructure and comprise assemblages of clinopyroxene and plagioclase with or without orthopyroxene, hornblende, garnet, quartz, spinel, magnetite, ilmenite, biotite, apatite and sulphide minerals (Fig. 3) . Most samples exhibit a well-annealed microstructure with straight grain boundaries and 1208 triple junctions. The grain size of minerals generally ranges from 0·5 to 2·0 mm and rocks are typically equigranular, although in many of the garnetiferous samples garnet forms porphyroblasts that may be several centimetres in diameter.
Within granulite-facies metagabbro, clinopyroxene is ubiquitous and forms pale green subhedral grains, commonly 1^2 mm across, which may or may not contain fine exsolution lamellae of orthopyroxene and which are commonly variably altered around their margins to fine-grained green hornblende (Fig. 3a) . Plagioclase (andesine^labradorite) forms stubby subhedral to anhedral grains, generally less than 1·0 mm in diameter, which are commonly partially sericitized (Fig. 3a^d) . Most plagioclase lacks any distinct compositional zoning, but concentrically zoned grains may occur. Pleochroic orthopyroxene grains may be in excess of 2 mm across ( Fig. 3b ) but are generally smaller (5 1mm; Fig. 3b^d ) and are commonly partially altered to biotite, serpentine and, less commonly, orthoamphibole. Green^brown hornblende is common and forms slightly elongate subhedral to anhedral grains 1^2 mm in length ( Fig. 3b and c) . Garnet forms large anhedral^subhedral (rarely euhedral) grains commonly surrounded by a corona rich in plagioclase with or without orthopyroxene, green^brown hornblende and magnetite that separates garnet from clinopyroxene ( Fig. 3c and d ). Where present, opaque phases form subhedral equant grains that are generally less than 0·5 mm across (Fig. 3a, c and d) . Magnetite is the dominant oxide phase, although ilmenite occurs in many samples; sulphide minerals are also common. Fe^Ti oxides may be surrounded by a thin rind of green hornblende, biotite or, in garnet-bearing samples, garnet ( Fig. 3a and d) . Biotite occurs only as small anhedral grain clusters replacing orthopyroxene and/or Fe^Ti oxides (Fig. 3a) . Quartz is found only rarely in garnet-absent meta-leucogabbro, and in some cases is interpreted to represent annealed veinlets.
Although many samples share a common mineral assemblage, the relative proportion of minerals varies greatly from sample to sample (Fig. 3) . Clinopyroxene is the most abundant phase in most metagabbro samples, with the exception of rare meta-leucogabbro and garnetô rthopyroxene-rich rocks, with some samples containing 450 vol. % clinopyroxene. Orthopyroxene contents range from zero to around 20 vol. %. The proportion of plagioclase varies widely, from in excess of 50% in rare meta-leucogabbro samples (Fig. 3a) to 1^2 vol. % in meta-melanogabbro (Fig. 3d) . In general, plagioclase contents are below 30 vol. %. Primary (green^brown) hornblende contents vary widely from zero to 30 vol. %. Garnet is absent from many rocks but may make up 450 vol. % in others. Samples volumetrically dominated by garnet and clinopyroxene are common (Fig. 3d) .
Felsic sheets and Cpx-pegmatites
Felsic sheets within the large mafic^ultramafic bodies are dominated by quartz and plagioclase (oligoclase^ande-sine) that together constitute 490 vol. % of most samples. The proportion of these two minerals varies considerably, from samples containing roughly equal proportions of quartz and plagioclase to others that are almost all plagioclase. Quartz occurs as single anhedral grains or elongated aggregates of subgrains. Single grains or grain aggregates are generally 1^2 mm, but may be in excess of 5 mm across. Plagioclase grains are generally subhedral to anhedral and of a similar grain size to quartz. Single plagioclase grains are variably sericitized and commonly contain larger randomly oriented crystals of muscovite and/or epidote. In some cases rounded exsolved blebs of K-feldspar occur within plagioclase (i.e. antiperthite). Many plagioclase grains are unzoned or exhibit weak concentric compositional zoning. However, in plagioclase-rich samples, subhedral to euhedral more anorthite-rich cores are commonly overgrown by a pronounced more albite-rich rim (Fig. 4a) . The felsic sheets generally contain a few per cent mafic minerals, most commonly retrograde biotite, hornblende, epidote and/or chlorite. In rare cases clinopyroxene is preserved. Magnetite, zircon and rare rutile are accessory phases. K-feldspar is absent from most felsic sheets. Where present, it occurs as rare anhedral interstitial grains (Fig. 4b) . Sample GC59, collected from the 40 m wide felsic sheet running through the top of the Gorm Chnoc body, is notably different, containing abundant K-feldspar (as microcline), minor muscovite and much less plagioclase than other felsic sheets (Fig. 4c) . This sample is mineralogically and texturally a (micro)granite.
The Cpx-pegmatites are broadly petrographically similar to the felsic sheets but are generally much coarsergrained, have a high ratio of plagioclase to quartz and contain a higher proportion of mafic minerals (Fig. 4d) . Plagioclase is commonly sericitized. Single grains may be 410 mm across and are commonly antiperthitic, containing abundant rounded blebs of exsolved K-feldspar (Fig. 4d) . Quartz is much rarer than in the felsic sheets, commonly forming55 vol. % of samples. Where fresh, deformed grains of clinopyroxene may be several centimetres in length (Fig. 4d) , although these are commonly flattened and completely replaced by aggregates of acicular hornblende.
W H O L E -RO C K G E O C H E M I S T RY Analytical methods
The analysed sample set comprises 33 metagabbroic rocks, 11 samples from felsic sheets and six samples from Cpx-pegmatites. The metagabbroic rocks are subdivided into garnet-absent (n ¼17) and garnetiferous (n ¼16) variants. All chemical analyses were undertaken at the Department of Geosciences, Johannes Gutenberg University, Mainz. Representative whole-rock samples were first crushed with a hydraulic press and then milled in a ring and puck agate mill until a powder with a grain size 55 mm was obtained. Whole-rock major and selected minor and trace elements (Cr, Ni, Sc, Pb, Rb) were determined by X-ray fluorescence (XRF) using a Philips MagiXPRO spectrometer. For major element analysis, a glass bead was produced by 14 times dilution of the rock powder with Li 2 B 4 O 7 powder and subsequent melting in a Pt cup followed by quenching in a Pt coquille. For trace element analysis, 6 g of the rock powder was mixed with a two-component epoxy and pressed to a powder press tablet for about 20 s and afterwards dried at 608C. Remaining trace elements (Ba, Th, U, Nb, Ta, La, Ce, Pr, Nd, Sr, Sm, Hf, Zr, Ti, Eu, Gd, Dy, Ho, Y, Er, Yb, Lu) were analysed by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) using an Agilent 7500ce ICP-MS system fitted with a New Wave UP-213 LA system, in which rock powders were first melted to form glass beads on an iridium strip heater in an argon atmosphere (Nehring et al., 2008) . Before each analysis, background measurements were performed for 60 s. The concentration of Ca in each sample as determined by XRF was used for internal standardization. External standardization as well as instrument performance and stability were monitored by repeat measurements of USGS reference glass BCR-2G. The precision on BCR-2G was better than 10% for all elements and accuracies are within 5% except for Zr and Hf (10%). Detection limits are lower than 0·05 mg g À1 except for Ba (0·1 mg g À1 ). Data reduction was carried out using the software Glitter. Table 1 shows analyses of representative samples.
Metagabbros
Although there is considerable compositional overlap, major element variation diagrams show that garnet-absent and garnet-present metagabbro exhibit some compositional distinctions. With the exception of a single leucogabbro sample that contains abundant veins of quartz, garnet-absent metagabbros have SiO 2 contents ranging from 43 to 54 wt % whereas garnetiferous samples have lower values (41^49 wt %). Overall, garnet-absent samples have lower concentrations of Al 2 O 3 (9^18 wt %) and FeO* (5^17 wt %, where FeO* ¼ total Fe expressed as FeO) and higher Na 2 O (0·9^4·0 wt %), K 2 O (0·2^1·2 wt %) and X Mg (0·58 AE 0·21; 2s) compared with garnetiferous samples [Al 2 O 3 10^24 wt %; FeO* 9^19 wt %; Na 2 O 0·7^2·1wt %; K 2 O 0·2^2·4 wt %; X Mg 0·52 AE 0·18 (2s); Fig. 5 ]. Concentrations of CaO (5·7^15·1wt %), TiO 2 (0·2^2·1wt %) and MgO (3·7^14·9 wt %) show wide variability but are similar in both types. The concentration of P 2 O 5 in most samples is 50·05 wt % although five samples show much higher values (40·10 to 0·77 wt %) consistent with a high modal abundance of apatite. There are no strong compositional trends for any major element when plotted against SiO 2 . Al 2 O 3 and Na 2 O show a weak negative correlation with MgO, and SiO 2 shows a weak positive correlation against X Mg . Plots versus X Mg show that the metagabbros are generally depleted in SiO 2 and TiO 2 and enriched in FeO* relative to mid-ocean ridge basalt (MORB) and Archaean tholeiitic basalts (Fig. 5a and b) . Figure 6a and b shows concentrations of selected trace elements in metagabbro samples normalized to primitive mantle values (McDonough & Sun, 1995) , in which the elements are ordered from left to right by increasing compatibility in oceanic basalts (Hofmann, 1988) . Shown for reference is a compositional field representative of Archaean tholeiites based on analyses (n ¼ 72) from the literature (Kerrich et al., 1999; Polat, 2009; Ordo¤ n‹ ezCaldero¤ na et al., 2011) .
In general, the metagabbro samples are depleted in the moderately compatible high field strength elements (HFSE) Hf, Zr and Ti relative to Archaean tholeiites, with some samples close to primitive mantle values. Ti/Zr ratios are highly variable with values of 43^225 (average ¼121) in the garnet-absent metagabbros and 80^690 (average ¼ 242) in garnetiferous samples, even excluding Pb  4  4  6  5  1  11  1·69  3  3  3  1  4  0·22  4   Pr  2·48  3·25  3·13  0·41  1·25  1·89  1·18  1·16  0·64  1·82  0·81  0·63  0·89  1·43   Nd  9·88  14·91  12·94  2·08  6·62  7·01  6·53  4·71  4·26  8·41  5·1 Figure 7a and b shows the abundances of REE in garnet-absent and garnetiferous metagabbros respectively, normalized to CI chondrite values of McDonough & Sun (1995) . Samples with high P 2 O 5 contents are shown (dashed) but are not discussed in detail, as their trace element concentrations are anomalous with respect to most of the other data. Garnet-absent samples are generally weakly fractionated and all have (La/Lu) N 41. Most have (La/Lu) N ratios below three; three samples with higher values (4·0, 6·1 and 7·8) are within a few metres of contacts with large felsic sheets or TTG gneiss. Garnet-absent samples have flat middle to heavy REE (MREE and HREE respectively) patterns, with (Gd/ Lu) N ratios of 1·0^1·9 in all samples but one, values similar to or less than those recorded by Archaean tholeiites. Garnet-absent samples show both small positive and negative europium anomalies (Eu/Eu* ¼ 0·6^1·4), although the majority, particularly those with higher overall REE abundances, are negative. Most garnet-absent samples have light REE (LREE) concentrations that lie within the field of Archaean tholeiites, with patterns that are weakly fractionated with (La/Sm) N ratios 41. The REE patterns for garnet-absent samples are almost indistinguishable from those of the hornblende-metagabbro suite (HMS) from the Gruinard Bay area in the southernmost central region reported by Whitehouse et al. (1996) (Fig. 7a and b) .
In comparison, garnetiferous samples have REE patterns that are generally flat with (La/Lu) N 51 in most samples. Concentrations are mostly at the lower range of 
Felsic sheets and clinopyroxene pegmatites
The felsic sheets within the large mafic^ultramafic bodies are intermediate to acidic in composition, with SiO 2 contents in the range 58^76 wt %. A moderate to strong linear trend exists for Al 2 O 3 (14^25 wt %; Fig. 5c ), TiO 2 (0·1^0·5 wt %), FeO* (0·3^3·7 wt %), MgO (0·2^2·0 wt %) and CaO (2·1^7·5 wt %; Fig. 5d Fig. 5c ) and Na 2 O (2·07 ·7 wt %) and a negative correlation with CaO (5·79 ·5 wt %; Fig. 5d ), FeO* (0^11wt %) and MgO (0^13 wt %). Al 2 O 3 and Na 2 O are negatively correlated, and CaO and FeO* positively correlated, with MgO. For most major elements the Cpx-pegmatites plot in a field intermediate between the felsic sheets and the metagabbros ( Fig. 5c and d) .
When plotted on a normative feldspar classification diagram (Barker, 1979) , the felsic sheets straddle the tonalitet rondhjemite join and lie within the range of experimental glass compositions produced by partial melting of Archaean tholeiite (Winther, 1996; Fig. 8) , although this field is large. A single analysis from the large composite sheet running through the Gorm Chnoc body (sample GC59; star in Fig. 8 ) lies outside this general trend and within the field of granite. The Cpx-pegmatites show greater scatter and are generally richer in An, all plotting within the compositional field of tonalite (Fig. 8) . The observed abundances of quartz, plagioclase and clinopyroxene in the Cpx-pegmatites and felsic sheets correspond well to the calculated CIPW normative abundances, in which the Cpx-pegmatites contain an average (in vol. %) of 1·7% normative quartz, 72% plagioclase and 7% diopside, whereas the felsic sheets contain an average of 23% quartz, 67% plagioclase and 0·9% diopside. Figure 6c and d shows primitive-mantle normalized trace element abundance patterns for the felsic sheets and Cpx-pegmatites, on which the patterns defined by the metagabbros, 21 analyses of TTG gneisses bordering the metagabbros and the average continental crustal composition of Rudnick & Gao (2003) are shown for reference. With the exception of the single sample of the large composite sheet running through the Gorm Chnoc body (GC59), the felsic sheets have the lowest concentrations of Ti and Y of all samples. Abundances of Hf, Zr, Th and U are highly variable and span the range recorded in the metagabbros, although several samples have the highest concentrations. Concentrations of Pb and K are at the upper range or in excess of those in the metagabbros. For most samples, Ba and Sr concentrations are the highest of all measured samples. A pronounced negative anomaly exists for Ta and Nb, with concentrations of these elements, as well as Cs and Rb, similar to those in the metagabbros. Sample GC59 has the highest concentrations of Rb, K and Pb, and the lowest Sr contents of all the felsic sheets. Although two samples show the lowest measured values of Hf and Zr, the Cpx-pegmatites generally fall within the compositional range defined by the felsic sheets, but show significant scatter. In general, both the felsic sheets and Cpx-pegmatites show a good correspondence to the TTG gneisses, although several samples are relatively depleted in Nb, Ta and HFSE. With the exception of Ba, Pb and Sr, most samples are depleted relative to the average continental crustal composition. Figure 7c and d shows chondrite-normalized abundances of REE in the felsic sheets and Cpx-pegmatites. The REE profiles for both are fractionated with enrichment in LREE relative to HREE, which is most pronounced for the felsic sheets. (La/Lu) N ratios are 22^155 for the felsic sheets and 5^19 for the Cpx-pegmatites. LREE abundances in both overlap those in garnet-absent metagabbro samples, but are generally higher than in garnetiferous samples. Although sample GC59 shows a weak negative Eu anomaly, most felsic sheets show positive Eu anomalies (Eu/Eu* ¼ 0·83^9·5), which are most pronounced for those samples with the lowest overall abundance of REE. Similar features are exhibited by the Cpx-pegmatites, albeit with more variability. HREE concentrations are significantly lower in most samples of felsic sheets with respect to both the metagabbros and Cpx-pegmatites.
D I S C U S S I O N Field and petrographic evidence
Many of the important field relations described above were eloquently summarized in the 1888 Geological Survey report (Peach et al., 1888, p. 388) . Describing the Archaean crystalline rocks, this report stated:
' A remarkable feature of these original gneisses is the occurrence among them of numerous masses of highly basic igneous rocks. . .. These patches of non-foliated igneous rock are intersected by veins of grey pegmatite varying in thickness from a few inches to several yards, consisting mainly of felspar and quartz usually opalescent. Occasionally a small quantity of pyroxene or hornblende is associated with the quartz and felspar. . .. the pegmatites merge into the grey highly quartzose bands, consisting mainly of opalescent quartz and felspar. The conclusion is, therefore, obvious that the original types of gneiss in the west of Sutherland have been formed out of eruptive basic rocks and the pegmatites developed in them prior to the foliation. ' Although the consensus of current opinion would hold that the basic rocks are of intrusive rather than extrusive origin and are now granulite-facies metamorphic rocks (e.g. O'Hara, 1961; Bowes et al., 1964; Davies, 1974; Sills et al., 1982; Johnson & White, 2011) , this passage contains the critical observations regarding lithological relationships, which may be interpreted to suggest that: (1) the Cpx-pegmatites (grey pegmatites) developed within, and from, the metagabbros (basic igneous rocks); (2) the Cpx-pegmatites merge into the felsic sheets (highly quartzose bands), suggesting they were contemporaneous and are genetically related; (3) all the rock types were present under granulite-facies conditions. The last sentence of the quotation shows that Peach and colleagues considered that the original types of gneiss (TTG gneisses) were formed from (partial melting of) the basic rocks, an idea that is consistent with geochemical data (e.g. Rollinson & Fowler, 1987) . The field evidence for in situ partial melting of metagabbro within the large mafic^ultramafic bodies throughout the central region is incontrovertible. However, microstructural evidence is less clear owing to slow cooling rates (e.g. O'Hara & Yarwood, 1978; and reworking experienced by all rocks during the protracted post-Badcallian retrograde evolution. Mineral assemblages within the ultramafic layers at Scourie are consistent with pressures of 7^10 kbar and temperatures of 900^9508C (Johnson & White, 2011) , conditions under which amphibolites will melt by fluid-absent reactions consuming hornblende and plagioclase to produce peritectic clinopyroxene and up to 40 vol. % melt of tonalitic to trondhjemitic composition (e.g. Rushmer, 1991; Wyllie & Wolf, 1993) . Pegmatitic leucosomes containing euhedral clinopyroxene, which are abundant in the metagabbroic rocks within the large mafic^ultramafic bodies (Fig. 2b^g) , provide a record of these melting reactions. The clear spatial association of peritectic clinopyroxene (the solid product of incongruent melting) with the leucosome (crystallized from the melt) is critical to an interpretation of in situ melting, as opposed to an origin via injection of melt from a more distal source. The inferred degree of partial melting based on field evidence varies from a few volume per cent within layered metatexites to 420 vol. % or )20 vol. % in highly disrupted diatexites (Sawyer, 2008) , and will have been largely a function of bulk composition, in particular the degree to which the metagabbros were hydrated prior to UHT metamorphism.
Driven largely by deformation, melt produced in situ would have moved down gradients in pressure, with melt pathways controlled both by pre-existing structural fabrics and syn-anatectic deformation (e.g. Brown et al., 2011) . Melt would have drained into larger-scale (decimetre-to metre-scale) channels now represented by the felsic sheets, which provide a record of melt migration away from its source. Where melt extraction from the Cpx-pegmatites into the felsic sheets was particularly efficient, trails of euhedral peritectic clinopyroxene record the channels through which melt drained (Fig. 2i) . The large modal abundance of plagioclase and the general deficiency in quartz and K-feldspar in many of the felsic sheets suggest that they are unlikely to represent primary melt compositions. Euhedral cores of anorthite-rich plagioclase suggest that the felsic sheets are plagioclase cumulates.
Overall, the loss of melt resulted in a melanosome depleted in plagioclase and hydrous phases and, in most cases, rich in clinopyroxene, with or without garnet, hornblende and orthopyroxene. Such melt loss is a prerequisite for the preservation of anhydrous or near anhydrous granulite-facies assemblages during cooling (White & Powell, 2002) .
Where contacts are exposed, decimetre-to metre-scale felsic sheets merge into larger composite felsic bodies, some tens of metres across. Many of the felsic sheets forming the 40 m wide composite body near the top of Gorm Chnoc are granitic, containing abundant K-feldspar and minor plagioclase (Fig. 4c) . Although highly disaggregated by later deformation, this composite body may be continuous with similar sheet-like bodies occurring, for example, near the top of the Cnoc Gorm body, and may represent the major pathways that channelled evolved melt fractions to higher crustal levels.
With one exception (east of Clachtoll; Fig. 1 ), there is little evidence for a clear spatial association between garnet and leucosome. Garnet is either confined to the melanosome or entrained as grains or grain clusters within the felsic sheets (Fig. 2j^l) . The implication is that garnet first grew in subsolidus rocks at lower temperatures (e.g. amphibolite-facies conditions producing garnet amphibolites). As temperatures rose beyond the solidus, either garnet was not a product of the melting reaction or, if it were, additional garnet growth occurred on pre-existing grains within the melanosome.
Although the evidence presented here concentrates on the large mafic^ultramafic bodies, smaller bodies of metagabbro, ranging from a few centimetres to several metres across, are ubiquitous within the central region. These smaller bodies, though generally lacking garnet, show identical field relations to those described from the larger bodies, consistent with all such compositions having undergone extensive partial melting (Fig. S1c^e , Supplementary Data).
Geochemistry
Bulk-rock geochemistry shows that the metagabbroic rocks span a wide compositional range, although they exhibit no strong major element correlations. In general, the metagabbros are depleted in Ti, Zr and Hf relative to Archaean tholeiites (Figs 5a), and it is likely that this is a primary feature of the magmas. The relative depletion in SiO 2 (Fig. 5a ) may also be primary, but is also consistent with loss of a felsic melt fraction. The negative Ta^Nb anomalies that characterize all samples are likely to reflect characteristics of the source region, most probably fractionation of amphibole and/or rutile during generation of the original gabbroic melt (e.g. Foley et al., 2002) . However, in most other respects the metagabbros are compositionally similar to Archaean tholeiites (Condie, 1976; Sills et al., 1982; Arndt et al., 1997; Figs 6 and 7) .
Concentrations of LILE (Cs, Rb, Ba, K, Pb) within the metagabbros are similar to those recorded in Archaean tholeiites ( Fig. 6a and b) . This is inconsistent with a model of partial melting and melt loss, in which these strongly incompatible (and mobile) elements should have been partitioned into the melt, depleting the residue (e.g. Xiong, 2006) . This may reflect a primary (i.e. pre-metamorphic) enrichment of these elements in the mafic magmas, but is more likely to reflect contamination of the metagabbros by LILE from the surrounding felsic TTG gneisses and/or micaceous rocks during emplacement and crystallization and/or during the long-lived UHT granulite-facies metamorphic event (e.g. Fowler, 1986; Whitehouse et al., 1996; Rollinson & Gravestock, 2012) .
Although there are differences in the major and trace element composition of garnet-absent versus garnetiferous samples, in many cases it is difficult to determine the relative contribution to these differences from primary (magmatic) versus secondary (metamorphic including partial melting) processes. However, the layered nature of the large mafic^ultramafic bodies (Fig. 2a) demonstrates that primary compositional variations existed prior to metamorphism. In both variants, MREE and HREE patterns are generally flat and at concentrations at the lower range of, or below, those of Archaean tholeiites. However, garnetiferous samples are characterized by lower LREE concentrations and (La/Sm) N 51, whereas garnet-absent samples are relatively enriched in LREE and have (La/Sm) N 41. The LREE-enriched patterns of garnet-absent samples, which are strikingly similar to the suite of coarse-grained hornblendites and metagabbros from the Gruinard area [the 'HMS' suite of Whitehouse et al. (1996) ], might be interpreted to suggest derivation from an LREE-enriched source (similar to E-MORB), although this is considered to be an unlikely explanation. In many cases both LREE-enriched (garnet-absent) and LREE-depleted (garnetiferous) layers occur within the same mafic^ultramafic body, and although more than one source region is possible, it is more likely that these bodies evolved from a single source. Samples of both garnet-absent and garnetiferous metagabbro within a few metres of the host TTG gneisses show the highest enrichment in LREE, suggesting that the enrichment is probably due to contamination with neighbouring rocks. Importantly, enrichment in both LILE and LREE is also evident in the trace element patterns for ultramafic layers (not shown) within the large mafic^ultramafic bodies.
Various lines of evidence suggest a strong mineralogical control on trace element distributions. Samples showing anomalous trace element concentrations in both garnet-absent and garnetiferous metagabbros are those with the highest P 2 O 5 concentrations (Figs 6 and 7) , consistent with a (relatively) high abundance of apatite that would exert a strong control on trace element concentrations, particularly for the REE (Nehring et al., 2010) . Garnetiferous samples generally have lower X Mg , SiO 2 , Na 2 O, K 2 O, Th, U, Nb, Ta and LREE, and higher Al 2 O 3 and FeO* compared with garnet-absent samples. In general, the samples containing the highest modal abundance of garnet show the most extreme enrichment or depletion in these elements (e.g. Figs 6 and 7) . Field evidence suggests that garnet first grew early with respect to the UHT granulite-facies peak, prior to the onset of melting. The initial subsolidus growth of garnet in some layers but not others must have been due to variations in the original major element bulk composition of the layers, with garnet most probably growing in those layers with (relatively) low X Mg and high Al 2 O 3 . Although the original chemical composition of the layers controlled where garnet grew, as temperatures (and diffusion rates) rose garnet controlled the distribution of particular trace elements within the garnetiferous layers. For example, the depletion in LREE of garnetiferous samples [(La/Sm) N 51] relative to garnet-absent samples [(La/Sm) N 41] reflects the very low partition coefficients for LREE in garnet relative to the other major phases (e.g. Nehring et al., 2010) . The lowest concentrations of Ce, Pr and Nd occur within the sample containing the highest modal abundance of garnet, although the upturn of the REE pattern for this sample towards La supports LREE mobility (Fig. 7b) . Although variations in HREE concentrations in garnetiferous samples may in part be due to variations in the modal abundance of garnet, this cannot account for similar variations in garnet-absent samples, which must reflect differences in the original compositions of the garnet-absent layers. Garnet also has partition coefficients for Nb and Ta that are significantly lower than for clinopyroxene and hornblende, which might explain the lower concentrations of these elements in garnetiferous samples, although variations in the source composition cannot be discounted.
The geochemistry of the felsic sheets shows that several major elements are strongly correlated with SiO 2 (Fig. 5c and d) and that they have strongly fractionated REE patterns. The trace element patterns are broadly similar to the surrounding TTG gneisses (Figs 6 and 7) , although the felsic sheets have low relative concentrations of Nb, Ta, HFSE and MREE^HREE and exhibit pronounced positive Eu anomalies (Fig. 7) . The low relative concentrations of HFSE, Nb and Ta in the felsic sheets mirror similar depletions in their metagabbroic parents. Like the TTGs, the felsic sheets are depleted in LILE (Fig. 6) , consistent with loss of an evolved melt fraction and/or depletion of these elements in the source rocks. However, there is no evidence for primary LILE depletion in the metagabbros, suggesting that melt loss is a more likely explanation. The extreme variation in concentrations of Th, U, Hf and Zr within the felsic sheets (Fig. 6c) is likely to reflect variable retention of zircon as it crystallized from the melt on cooling, whereas large variations in HREE contents (Fig. 7c) probably reflect variable entrainment of garnet from the melanosome.
Excluding the single granitic sample (GC59), the felsic sheets have normative feldspar proportions that lie within the field of experimental glasses of Winther (1996) derived from fluid-absent partial melting experiments on hydrated Archaean tholeiites (Fig. 8) , although this field is large and includes experiments performed under widely ranging P, T conditions and with highly variable H 2 O contents. However, on field and petrographic grounds (Fig. 4a) many of the felsic sheets are inferred to be plagioclase cumulates. Fractional crystallization of plagioclase with or without quartz in the felsic sheets is supported by the major element data, with samples defining a linear array in SiO 2 vs Al 2 O 3 space that projects from intermediate to albite-rich plagioclase compositions towards quartz (Fig. 5d) , and by their positive europium anomalies (Fig. 7c) . These samples also contain high contents of Sr (up to 855 ppm) that are at the upper range or in excess of those measured in the TTG gneisses, whereas concentrations of K are similar in both (Fig. 6c) . Sample GC59 shows the lowest Sr and highest K and Rb concentrations, suggesting that it may represent an evolved melt fraction, consistent with the data of Rollinson (1994) . The normative feldspar composition of the Cpx-pegmatites is also broadly consistent with an origin via in situ partial melting of metagabbro, although many of the geochemical data reflect the fact that samples comprise a mixture of peritectic clinopyroxene (and/or hornblende) and a coarse-grained leucosome dominated by plagioclase. The REE patterns for the Cpx-pegmatites are similar to those of the felsic sheets, with the flatter LREE patterns in the Cpx-pegmatites being due to the presence of clinopyroxene and/or hornblende. The tonalite^trondhjemite felsic sheets occurring within the large mafic^ultramafic bodies are compositionally distinct from those occurring within the TTG gneisses around Scourie, which range in composition from tonalite to granite (Rollinson, 1994; Fig. 8) , suggesting a different origin. Figure 9 shows the results of REE modelling to test the hypothesis that the felsic sheets evolved via partial melting of the metagabbros followed by segregation and fractional crystallization of this melt. For simplicity, the starting composition for the modelling is a flat REE pattern, typical of Archaean tholeiite (Fig. 7) , at 15 times chondrite valuesç although the metagabbro samples show significant REE variation, the mean of the data (excluding those samples with high P 2 O 5 contents) yields a weakly fractionated REE pattern with (La/Lu) N ¼1·31 and a mean concentration 15 times chondrite values. The modelling uses three modal compositions (A, B and C) for the solid residue that broadly correspond to those of the samples shown in Fig. 3b, c and d , respectively. In terms of the volume per cent of the phases plagioclase, clinopyroxene, hornblende, orthopyroxene and garnet, these are, respectively: 10%, 50%, 20%, 20%, 0% for Composition A; 10%, 40%, 30%, 10%, 10% for Composition B; 10%, 45%, 0%, 5%, 40% for Composition C (Fig. 9) . REE partition coefficients for clinopyroxene, hornblende, orthopyroxene and garnet are taken from Foley (2008) and Nehring et al. (2010) . Partition coefficients for plagioclase were calculated for a melt SiO 2 content of 65 wt %, appropriate for fluid-absent melting of amphibolite at 10 kbar (Wolf & Wyllie, 1994) , using the equations of Be¤ dard (2006) . Figure 9a^c shows the results of equilibrium (batch) melting of compositions A, B and C respectively at melt fractions (F) of 5, 10, 20 and 40%. The garnet-absent sample, A, generates melts with unfractionated MREEĤ REE and moderately enriched LREE. Composition B with minor garnet shows similar LREE enrichment but moderate depletion in MREE^HREE. The garnet-and clinopyroxene-rich sample C generates highly fractionated REE patterns with La/Lu ratios of 66 at the lowest (5%) melt fractions. None of the modelled REE patterns predict any Eu anomaly in the melt. The composition of the residue (grey shaded areas in Fig. 9a^c ) shows an increasing depletion in LREE and enrichment in HREE with increasing amounts of garnet in the residue. The relative LREE enrichment exhibited by many of the garnet-absent samples (Fig. 7a) implies either a different starting composition for these rocks or LREE enrichment owing to interaction with surrounding TTG gneisses. Figure 9d^f shows the composition of plagioclase crystallizing from the (segregated) liquid produced by 5% partial melting of the starting composition coexisting with the solid residue compositions A, B and C and with varying amounts of melt remaining (75%, 50%, 25%, 10% and 5%); Fig. 9g^i shows the same information but for plagioclase crystallizing from the 20% melt fraction. In both cases the appropriate melt compositions are also shown. In all cases, the REE patterns for plagioclase crystallizing earlier (i.e. with more melt remaining) show lower overall concentrations and more pronounced Eu anomalies than those crystallizing later (i.e. with less melt remaining). These patterns are strikingly similar to the REE patterns of the felsic sheets shown in Fig. 7c (superimposed on Fig. 9 ), lending support to the stated hypothesis. Although the model considers only fractional crystallization of plagioclase, the addition of quartz as a fractionating phase has no effect on the modelled REE patterns.
REE modelling
The fit of the model data to the measured composition of the felsic sheets, particularly with respect to HREE, is generally best for composition A, consistent with the field evidence that garnet-absent metagabbro is volumetrically more abundant than garnetiferous metagabbro. Additionally, the fit is better for fractional crystallization from low initial melt fractions, consistent with efficient deformation-driven segregation of small batches of melt away from the metagabbro melanosome (e.g. Rosenberg & Handy, 2005) . Importantly, the modelled patterns show good correspondence to the measured data only provided most of the evolved melt fraction was lost from the system.
Although the modelled compositions of the plagioclase cumulate broadly correspond to the measured values of the felsic sheets, several of the variables are poorly constrained and the modelling does not account for accessory phases in the residue or material entrained from the residue into the melt, all of which may have a significant effect on the modelled patterns. Of particular importance is the starting composition, mineralogical composition of the residue and the initial melt fraction produced. Although the starting composition assumes a flat REE pattern, a slightly fractionated array with relative LREE enrichment is consistent with literature data on Archaean tholeiites and the data presented here. The presence and abundance of major minerals within metagabbro samples is highly variable (Fig. 3) , and will lead to a similarly wide variation in the modelled trace element composition of the melt and residue. In addition, within any particular layer or outcrop of metagabbro there is no way of reasonably estimating the proportion of melt that it produced based, for example, on the abundance of leucosome, given that much of the melt is inferred to have drained into the felsic sheets. The fertility of any particular rock will have largely been a function of its pre-anatectic H 2 O content, which is unconstrained. Finally, it is likely that the felsic sheets drained melt from several metagabbroic source rocks all with different compositions, and that these melt channelways were continually, or periodically, replenished. As such they may be rich in solid phases crystallizing early from successive melt batches but over a protracted time period, rather than from a single batch of melt.
With respect to accessory phases, apatite will predominantly enrich the residue and deplete the melt in LREE (e.g. Nehring et al., 2010) , although the calculated normative proportion of apatite in most metagabbro samples is small (50·1 vol. %) and will have little effect. The most abundant accessory phase in most of the metagabbros is magnetite, which constitutes from zero to a few volume per cent of samples. Published REE distribution coefficients for magnetite are scarce and, although generally increasing towards HREE, vary by several orders of magnitude (from 50·01 to 41; Nielson et al., 1992) . Rutile may also strongly influence REE patterns, although no rutile has been found in any of the studied metagabbro samples. There is abundant evidence within the felsic sheets for entrainment of solid phases from the melanosome (Fig. 2k  and l) . Most importantly, entrainment of garnet will result in an increase in HREE concentrations of the felsic sheets relative to the model values (e.g. Stevens et al., 2007; Lavaure & Sawyer, 2011) .
C O N C L U S I O N S
(1) Metagabbroic rocks throughout the central region of the Lewisian complex partially melted via reactions consuming amphibole and plagioclase during UHT metamorphism. The Cpx-pegmatites within the metagabbro melanosome provide an in situ record of these melting reactions.
(2) Differences in the geochemistry of the metagabbroic rocks, particularly garnet-absent versus garnetiferous variants, might suggest derivation from more than one source (one enriched and one depleted in LREE). However, the data suggest significant mobility of LILE and LREE between the metagabbros and their felsic host-rocks.
(3) The geochemistry of the tonalitic or trondhjemitic felsic sheets is consistent with their derivation from the metagabbroic rocks, and the sheets have inherited many geochemical characters of their source rocks. The felsic sheets record segregation and migration of melt away from the residual metagabbro source and subsequent crystal fractionation, dominated by plagioclase, of the escaped melt.
(4) The strong inferred mineralogical control on trace element distributions suggests large diffusive length scales consistent with slow heating and cooling rates and the presence of melt. Better quantifying the pressure^tempera-ture^time evolution of rocks within the central region remains critical to understanding their tectonothermal evolution.
(5) At UHT conditions, partial melting of the large volume of TTG gneisses was inevitable and consistent with their residual major element and LILE-depleted bulk composition.
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